Background: Posthepatectomy complications have markedly decreased with advances in techniques and management; however, surgical risk to patients with injured livers is still not negligible. We evaluated several preoperative parameters of functional liver reserve tests in patients with various liver diseases as predictors of posthepatectomy complications. A comprehensive evaluation of preoperative liver functions is necessary for the prediction of the risk of posthepatectomy complications. Methods: Over a 10-year period, we examined 442 patients who underwent hepatectomy for liver and biliary diseases. The patients' background liver conditions included chronic viral liver diseases in 211 patients, obstructive jaundice in 29 patients and normal liver in 202. Hepatectomy-related postoperative complications (i.e., long-term ascites, intra-abdominal infection and hepatic failure) occurred in 115 (26%) patients. A multivariate logistic analysis was performed to detect the predictive parameters, and a multivariate linear regression analysis was performed to derive a predictive formula for complications. Results: univariate analysis identified 15 significant parameters associated with hepatectomy-related complications, and 8 parameters were independently predictive factors identified in the multivariate analysis (presence of chronic hepatic injury, clearance index (HH15) by technetium-99m galactosyl serum albumin scintigraphy of ≥0.60, total bilirubin level >1 mg/dl, serum hyaluronic acid (HA) level≥75 ng/ml, major hepatectomy, blood loss ≥950 ml, operating Revised-unmarked 2013/4/26 3 time≥500 minutes, and combined resection of another organ or major vessel).
Introduction
The operative morbidity and mortality rates in patients with liver diseases who underwent hepatic resection have markedly decreased in the recent years due to advances in operative techniques and improvements in perioperative management [1] . However, in patients with liver dysfunction, such as cirrhosis and obstructive jaundice, and in those who undergo extended major hepatectomy, the operative risk is significant and should be carefully evaluated before surgery [2, 3] . [10], 99 mTc-galactosyl human serum albumin liver scintigraphy (99 mTc-GSA scintigraphy) [11] , and interleukin levels [12] have been used to evaluate post-hepatectomy complications. Although several recent studies including our own have attempted these analyses to predict complications, [14] [15] [16] no distinct criteria or final consensus using these parameters have been widely accepted [17] .
In an effort to better define the factors that could predict postoperative hepatic complications or failure, a comprehensive analysis of reliable functional parameters is necessary.
In the present study, we examined the relationship between the abovementioned reliable parameters of functional liver reserve and post-hepatectomy complications in 442 patients with various liver diseases who underwent hepatectomy. Furthermore, we attempted to derive a comprehensive analytical formula through multivariate analysis for the prediction of hepatic complications.
Materials and Methods

Patients
The subjects were 442 patients with liver diseases who underwent hepatectomy in patients (83%), intrahepatic cholangiocarcinomas in three (11%), gallbladder carcinomas in one (3%) and hepatocellular carcinoma in one (3%)) and normal liver in 202.
In our hospital, the volume of liver to be resected is estimated before surgery based on the results of the indocyanine green retention rate at 15 min (ICG R15), Combined resection of other organs (including colon in 42 (37%), pancreas in 18 (16%), spleen in 16 (14%), stomach in 11 (9%), diaphragm in 10 (8%), rectum in seven (6%), adrenal gland in four (3%), duodenum in two (2%), lung in two (2%), ovary in two (2%) and kidney in one (1%)), was performed in 115 (26%).
Combined resection of bile ducts with a biliary anastomosis (including bile duct carcinoma in 39 patients (46%), intrahepatic cholangiocarcinomas in 17 (20%), gallbladder carcinomas 14 (16%), liver metastasis in five (6%), hepatocellular carcinomas in five (6%), hepatolithiasis in four (5%) and necroendocrine tumor in one (1%) was performed in 85 (19%). No biliary anastomosis leakage was observed in the present series. Combined resection of major vessels with an anastomosis (including portal vein in 27 patients (59%), hepatic artery in seven (15%), hepatic veins in six (13%) and vena cava in six (13%)) was performed in 46 patients (10%), and no postoperative occlusion was observed. The study design was approved by the Ethics Review Board of our university, and informed consent for data collection was obtained for each patient.
Evaluated parameters
Clinical data, conventional liver functions and surgical data were analyzed. ICG was injected intravenously at a dose of 0.5 mg /kg body weight, and the 15-minute retention rate was measured by a photopiece applied to the fingertip (RK-1000, Sumitomo Electric, Tokyo, Japan) without blood sampling [16, 20] .
Patients received 3 mg (185 MBq) of 99m Tc-GSA (Nihon Medi-Physics, Nishinomiya, Japan) as a bolus dose into the antecubital vein. The clearance index of 99m Tc-GSA (HH15) and the hepatic uptake ratio of 99m Tc-GSA (i.e., LHL15; the count ratio of the liver to the sum of the heart and liver 15 min after injection of 99 mTc-GSA) were calculated after injection of 99m Tc-GSA [11, 20] . We calculated the ratio of LHL15 and HH15 (LHL/HH15) in the present study.
Peripheral blood samples for serum HA level assays were collected from every patient in stable condition early in the morning during hospitalization. Blood samples were centrifuged at 3000 rpm for 15 min, and serum was stored at -80°C.
HA was assayed using the sandwich protein-binding assay (SRL, Inc., Tokyo, Japan). The normal serum HA level determined by the laboratory of SRL, Inc. is 
Statistical analysis
Continuous data are expressed as means ± SD. Data were compared between groups using one-way analysis of variance (ANOVA) and were examined with the Mann-Whitney U-test. The optimal predictive cut-off value for post-hepatectomy complications was determined for each parameter by the analysis of receiver operating characteristic (ROC) curves. Comparisons of categorical data were performed with the Chi-square test. Logistic regression analysis was performed to determine the predictive value of risk factors. Potentially predictive variables were identified using a significance level of p<0.05 by univariate analysis, and the identified factors were then entered into a logistic regression multivariate analysis.
A two-tailed P value < 0.05 was considered significant. The Statistical Package for the Social Sciences (SPSS) version 18.0 software (SPSS, Chicago, IL) was used for all statistical analyses. Table 1 shows the comparisons of 14 continuous variables between patients with and without post-hepatectomy complications. Univariate analysis identified 10 variables that were significantly different between patients with and without post-hepatectomy complications (p<0.05), including ICGR15, LHL15, HH15, LHL15/HH15, total bilirubin level, prothrombin activity, serum HA level, operating time, intraoperative blood loss and blood transfusion. The predictive cut-off values for post-hepatectomy complications for each of these parameters were calculated by the analysis of their ROC curves. Table 2 shows the comparisons of 8 categorical variables between patients with and without post-hepatectomy complications. Univariate analysis identified that the distribution of chronic hepatic injuries or grade B liver damage was significantly different between patients with and without post-hepatectomy complications (p<0.01). Furthermore, major hepatectomy and the presence of combined resections of other organ or major vessels were significantly more frequent in patients with complications than in those without (p<0.05).
Results
Relationship between associated parameters and post-hepatectomy complications
Multivariate analysis of associated factors and predictive formula for post-hepatectomy complications
Among the above 15 parameters, blood loss and transfusion could not be preoperatively predicted and the Liver Damage Grade included other comparable parameters. Therefore, the remaining 12 clinicopathological and surgical parameters were entered into the multivariate analysis to define a logistic regression model of associations with post-hepatectomy complications. With respect to total hepatectomy-related complications, the multivariate analysis identified the presence of chronic hepatic injury, HH15, total bilirubin level, serum HA level and the extent of hepatectomy as five significant, independent factors associated with post-hepatectomy complications ( Table 3 ). For the prediction of hepatic failure, HH15, the extent of hepatectomy and operating time were significant independent predictors. For uncontrolled ascites, the presence of chronic hepatic injury, total bilirubin level, serum HA level and the combined resection of other organs were significant independent predictors. For intra-abdominal infection, only the operative time and the combined resection of other organs were significant independent predictors.
The selected hepatic parameters were correlated with the total hepatic complications using a binomial logistic regression analysis with the forced entry method (Table 4 ). Based on the multivariate logistic analysis, HH15, total bilirubin level, serum HA levels and the extent of hepatectomy correlated significantly with hepatic complications. Based on this result, the regression equation was established using exp(β) as:
Y (presence of post-hepatectomy complications) = 1.734 x (1 for HH15 ≥0.6, or 0 for others) + 2.468 x (1 for total bilirubin level>1 mg/dl, or 0 for others) + 1.833
x (1 for serum HA level>75 ng/ml, 0 for others) + 2.523 x (1 for major hepatectomy (hemihepatectomy or more), or 0 for others) +0.088.
Prediction of post-hepatectomy complication by the predictive formula
Based on the ROC analysis of this formula, the risk of any hepatectomy-related complication would be considered substantial for Y values ≥2.5. (Fig. 1a )
With respect to uncontrolled ascites predicted by the same analysis (Table 5) For intra-abdominal infection prediction by the same analysis (Table 5) Based on the ROC analysis of this formula, the risk of intra-abdominal infection would be considered substantial for Y values ≥5.7 (Fig. 1c ).
For the prediction of hepatic failure by the same analysis (Table 5) (Fig. 1d ).
Discussion
Previous investigators have reported various risk factors associated with post-hepatectomy complications as described above, including the presence of cirrhotic liver or severe steatohepatitis [3, 4, 22] ; liver functional parameters such as ICG clearance, liver scintigraphy, serum bilirubin level, platelet counts, galactose elimination capacity, prothrombin activity, γ-glutamyltranspeptidase, serum HA level, arterial blood ketone body ratio, hepatocyte growth factor, [2, 10, However, in cases of very large liver tumors or advanced biliary carcinomas, a large volume of hepatectomy is still necessary, and liver functions are often poor due to chronically injured liver or obstructive jaundice. [35, 36] In such cases, surgeons should examine the more important or reliable predictive parameters before conducting hepatectomy. We previously attempted to apply various liver functional reserve indicators, including serum HA level and 99 mTc-GSA scintigraphy based on the ICG R15 test, which might improve patient outcomes and lead to spread operative indications [16, 20, 37 ]. However, we were unable to achieve a distinct, comprehensive strategy for determining the indication of hepatectomy for patients with a background of various liver diseases thus far. In the present study, to address this issue, we further examined the relationship between significantly predictive factors and post-hepatectomy morbidities in a large series of patients collected over the last 10 years.
In this study, we analyzed the relationship of 22 parameters of patient demographics, hepatic functional parameters or surgical results with three major hepatectomy-related complications. Similar to previous reports [2-12, 16, 20, 23, 29 , 30], the 15 parameters significantly associated with total hepatic complications were selected by univariate analysis. In the present analysis, we considered the significance of HH15 and of the ratio between LHL15 and HH15, although HH15 has not been well evaluated previously. However, a few reports showed the significance of HH15 for the specific evaluation of liver function [38, 39], and we have experienced that an increased HH15 may predict poor surgical outcomes.
Furthermore, a new surgical device, the vessel sealer, has recently been applied in the field of hepatic transection, and this advance may reduce the operative blood loss.
[40] Therefore, we additionally examined certain operative parameters, including the use of a hemostatic device, in the present study. However, the use of such a device did not significantly contribute to postoperative liver dysfunction.
The present multivariate analysis identified several parameters which were significantly associated with posthepatectomy complications, but not ICGR15, LHL15 or prothrombin activity, as in our previous study [16, 20] . Because these parameters were already applied in the decision of operative indication, their data may not reflect clinical outcomes. Instead, HH15, total bilirubin level and serum HA level were associated with morbidities.
The extent of hepatectomy was also a significant risk factor for posthepatectomy complications despite the fact that the operative indication has been distinctly controlled recently [16, 20] . Therefore, it is necessary to use additional parameters improve our indication criteria in addition to improvement of surgical techniques. In the present study, we examined the correlations for each complication individually and found that the related parameters were different for each complication. With respect to intra-abdominal infection, surgical parameters were significant predictors, but liver functions were not. In cases of combined resections accompanied by hepatectomy, it is necessary to take measures to prevent infections, such improvements of surgical techniques or the induction of immunonutrition with synbiotics [41] . With respect to uncontrolled ascites or hepatic failure, both preoperative liver functions and surgical parameters were well correlated, as previously reported [42].
In the next step, we attempted to derive a predictive formula for each complication for preoperative assessment. The amount of blood loss or transfusion could not be accurately predicted before operation, and the Liver Damage Grade However, in the present study, a lower cut-off level of 75 ng/ml was useful for the prediction of various complications. As expected by our hypothesis, HH15 was also significantly correlated with posthepatectomy complications. Even if LHL15 level is normal, it is necessary to consider the functional liver reserve when HH15 is increased over 0.6, according to our present results. We attempted to complete the predictive formula; however, a close correlation with morbidity was not observed at this stage. Therefore, we should prospectively apply these formulae in the next validation set of patients to clarify the significance of our present trial.
In the present study, the relationships between 22 clinicopathologic/surgical parameters and post-hepatectomy complications were examined. Our results showed that 15 parameters were significantly associated with post-hepatectomy ALT: alanine aminotransferase 
